Molecular organization of a high molecular weight multi-protease complex from rat liver.
A latent multifunctional protease with a molecular weight of 722,000 to 760,000 purified from rat liver cytosol has been reported. This paper reports on the structure and subunit composition of the enzyme. Electron microscopy showed that the enzyme was a ring-shaped particle of 160(+/- 7) A diameter and 110(+/- 10) A height with a small hole of 10 to 30 A diameter (1 A = 0.1 nm). Small-angle X-ray scattering analysis indicated that the enzyme had a prolate ellipsoidal structure with an ellipsoid cavity in the center. The maximum dimension of the enzyme was estimated to be 210 A from a pair-distance distribution function. The radius of gyration obtained from a Guinier plot and the Stokes radius based on the ellipsoidal model were 66 A and 76 A, respectively. On two-dimensional gel electrophoresis, the purified enzyme separated into 13 to 15 characteristic components with molecular weights of 22,000 to 33,000 and isoelectric points of 4 to 9. These multiple components were not artifacts produced by limited proteolysis during purification of the enzyme, because the cell-free translation products in a reticulocyte lysate with poly(A)-mRNA of rat liver consisted of multiple components of similar sizes, and because peptide mapping analyses with lysylendopeptidase and V8 protease demonstrated clear differences in the primary structures of these components. The 13 main components were isolated from the purified enzyme by reverse-phase high performance liquid chromatography and shown to be non-identical. A model of the enzyme is proposed on the basis of these observations and previous physicochemical studies. Interestingly, the morphology of this protease is similar to that of the 16 to 22 S ring-shaped particles found in a variety of eukaryotic organisms. The structural similarity between this multi-protease complex and various reported subcellular particles is discussed.